Is there an increased risk of unplanned peripartum hysterectomy in pregnancies with assissted reproductive technology compared to those without ART?
Introduction
Assisted reproductive technology (ART) procedures are associated with many adverse perinatal outcomes including multifetal gestations, prematurity, low birth weight, small for gestational age, perinatal mortality, cesarean delivery, placenta previa, abruptio placentae, preeclampsia and birth defects (American College of Obstetricians Gynecologists, 2016) . In addition to these adverse outcomes, there have been two reports regarding the association between ART and the risk of peripartum hysterectomy (Cromi et al., 2016; Martin et al., 2016) . Both studies indicated increased risk of peripartum hysterectomy in women with ART. However, one was a case-control study in one institute with a small number of cases (Cromi et al., 2016) , and the other was a cohort study from insurance claims data, in which only unadjusted risk of peripartum hysterectomy was compared (Martin et al., 2016) . In addition, the baseline characteristics of the two groups were quite different, which is potentially an important weakness.
Propensity score (PS) matching was developed as a method to adjust for confounding in dissimilar groups (Rosenbaum and Rubin, 1983) . Conditional on the PS, the distribution of measured baseline covariates is similar between the exposed and unexposed subjects. Therefore, in a set of subjects, all of whom have the same PS, the distribution of observed baseline covariates will be the same between the exposed and unexposed subjects (Austin, 2011) . PS matching thereby enables the comparison of groups with similar baseline characteristics and the associated simulation of a randomized controlled trial.
Birth certificate data for the United States is publicly available and contains associated demographic, antepartum, intrapartum and postpartum information. Recently, the information on ART and peripartum hysterectomy were included in the associated birth data.
The objective of this study is to evaluate the risk of unplanned peripartum hysterectomy in pregnancies with ART compared to those without ART using PS matching.
Materials and methods

Subjects and study design
In the United States, state laws require birth certificates to be completed for all births and federal law mandates the national collection and publication of births and other vital statistics data. The National Vital Statistics System compiles the information from birth certificates and makes data file for each year, which can be readily downloadable online (Center for Disease Control and Prevention, 2017) . We used the birth data files for the years 2014 and 2015. Birth data files contain demographic, antepartum, intrapartum and postpartum information on each birth. Since 2009, variables such as use of infertility treatment, ART and unplanned hysterectomy had been included in the dataset. As the exposure and outcome of interest were ART and peripartum hysterectomy, respectively, we decided to use those variables. ART was defined as all treatments or procedures which include the handling of human oocytes or embryos, including in-vitro fertilization, gamete intrafallopian transfer and zygote intrafallopian transfer (United States, 1992) . Unplanned hysterectomy was defined as surgical removal of the uterus that was not planned prior to admission for delivery, which includes an anticipated or possible but not definitely planned procedure occurring within 24 h of delivery (National Center for Health Statistics, 2000 Statistics, , 2012 . As we were interested in complications of mothers, not of infants, data from only the first birth were included in the analysis to count pregnancy only once in cases of multiple births from a mother.
Propensity score matching and comparison of the outcome
We used PS matching as a method to adjust for underlying dissimilarities between the ART and non-ART populations. A PS is the probability of having ART based on a set of baseline covariates. A PS was calculated using multivariate logistic regression with age, race, marital status, maternal education, previous abortion history, parity, number of prenatal visits, pre-pregnancy body mass index, number of previous cesarean deliveries, history of diabetes mellitus, history of preterm delivery, history of smoking, chronic hypertension and source of payment. After calculating the PS of each subject, the PS of subjects with ART was matched with those of subjects without ART. To evaluate how much our logistic regression model discriminated the subjects with and without ART, we calculated a c-statistic of the logistic regression model. The c-statistic, or concordance statistic, is a measure of the discriminatory power of a predictive model and is equivalent to the area under the receiver operating characteristic curve (Austin and Steyerberg, 2012) . The nearest neighbor match without replacement was used in PS matching with a caliper of ±0.001 with a 1:1 ratio. To match participants, we used an automated matching procedure in the SAS software that randomly selected an individual from ART group and non-ART group. The selected subject from ART group was matched to the individual from non-ART group, and the pair was removed and stored in a separate dataset. This procedure was repeated until all patients from ART group were matched to one comparator or until no further comparators fulfilled the matching criteria (Kurth et al., 2006) . The risk of unplanned peripartum hysterectomy was calculated using a 2 by 2 table after PS matching. Risk ratio, risk difference and respective 95% confidence intervals (CIs) were calculated to compare the differences in the risk of unplanned peripartum hysterectomy between the two groups.
Subgroup analysis and secondary outcomes
The risk of unplanned peripartum hysterectomy was also evaluated in singleton and multiple pregnancies separately. In addition to the primary outcome, we compared the risk of other pregnancy outcomes such as multiple pregnancy, gestational diabetes, hypertensive disorders in pregnancy, eclampsia, breech presentation, chorioamnionitis, labor induction, forceps delivery, vacuum delivery, cesarean delivery, severe laceration, maternal transfusion and uterine rupture by calculating relative risks and corresponding 95% CIs.
Ethical approval
As we used existing data without any patient identifiers, which are publicly available, our study is exempted from the review and approval of the study protocol by ethics committee under the 45 code of federal regulations 46.101(b) of United States of America.
Statistical analysis
We evaluated the balance of the distribution in the baseline covariates using standardized differences before and after PS matching. The standardized difference compares the difference in means and frequencies in units of the pooled standard deviation. Although there is no universally agreed criteria for balance between two groups, a standard difference of less than 0.1 has been taken to indicate a negligible difference in the mean or prevalence of a covariate between exposure groups (Austin, 2011) . We used the method for standardized difference of multi-level categorical variables proposed by Yang and Dalton (2012) . STATA 14.0 (StataCorp LLC, College Station, TX, USA), R version 3.4.1 (R Foundation for Statistical Computing, Vienna, Austria, www. R-project.org) and SAS 9.4 (SAS Institute Inc., Cary, NC, USA) were used in data cleaning, PS matching and statistical comparisons. As the size of the data was large and the procedure of PS matching was computationally intensive, the computations were run on the Odyssey cluster supported by the FAS Division of Science, Research Computing Group at Harvard University.
Results
The total number of births for the years 2014 and 2015 was 7 986 908. In the birth registry data, all births from multiple pregnancies were listed along with singleton births. However, as we were interested in maternal complications, multiple births were counted only once. After this procedure, 7 595 326 births remained. As the data for ART and postpartum hysterectomy were missing in 216 415 subjects, the final number of subjects before PS matching was 7 378 911. During PS matching, 7 291 175 subjects were not matched, and the number of subjects after PS matching was 87 736 (Fig. 1) .
The frequency of unplanned peripartum hysterectomy before PS matching was 0.0004 (2971/7 378 911). The baseline characteristics are presented in Table I . Maternal age, race, marital status, maternal education, number of abortions, parity, number of prenatal care visits, smoking, pre-pregnancy BMI and payment source were different between two groups (standardized difference > 0.1). However, frequencies in the pre-pregnancy diabetes mellitus, chronic hypertension, previous preterm deliveries and number of previous cesarean deliveries were relatively similar (standardized difference < 0.1). After matching, all the baseline characteristics became very similar between two groups (standardized difference < 0.05) ( Table I) . Using logistic regression model for calculating PS, the c-statistic was calculated to be 0.8945, which indicates excellent discrimination (Hosmer et al., 2013) . The histogram of PSs before and after matching was plotted (Fig. 2) . The distributions of PS between groups were different before PS matching (left panel). They became nearly identical after PS matching (right panel).
The frequency of unplanned peripartum hysterectomy after PS matching was 0.0013 (113/87 736) ( Table II) . The risk of unplanned peripartum hysterectomy in the ART group was 0.0021 (94/43 868) and that in non-ART group was 0.0004 (19/43 868). The relative risk was 4.947 (95% CI, 3.022-8.098), and risk difference was 0.0017 (95% CI, 0.0012-0.0022).
We evaluated the risk of unplanned peripartum hysterectomy in singleton and multiple pregnancies separately (Table III) . In singleton pregnancies, the risk ratio was 4.313 (95% CI of 2.470-7.533). The risk difference was 0.00124 (95% CI of 0.000774-0.00171). However, in multiple pregnancies, the risk ratio and risk difference were 1.572 and 0.00139, which were not statistically significant.
The pregnancy outcomes other than peripartum hysterectomy and their risk ratios are listed in Table IV . There were modest increases in the risk (relative risk between 1 and 2) of the pregnancy outcomes such as gestational diabetes, hypertensive disorder, eclampsia, breech presentation, chorioamnionitis, labor induction, forceps delivery and cesarean delivery. However, the risk of multiple pregnancy increased more than eight fold and the risk of transfusion increased nearly four fold in pregnancies with ART. The frequencies of vacuum delivery, severe perineal laceration and uterine rupture were not different between the groups.
Discussion
There is a nearly five-fold increase in the risk of unplanned peripartum hysterectomy in women with ART compared to those without ART. The risk difference of unplanned peripartum hysterectomy was 0.0017, which is equivalent to 1.7 more excessive unplanned peripartum hysterectomies per 1000 deliveries in women with ART compared to those without ART. When the risk was evaluated in singleton and multiple pregnancies separately, the risk remained increased in singleton pregnancies, but not in multiple pregnancies. 
Continued
Only two articles report the relationship between the use of ART and the risk of peripartum hysterectomy (Cromi et al., 2016; Martin et al., 2016) . Cromi et al. concluded that a history of ART increased the likelihood of needing a peripartum hysterectomy with an odds ratio of 5.98 (95% CI 2.18-16.40), which is similar to the results of our study. Martin et al. used health insurance claims data and reported an increased risk of hysterectomy only in singleton pregnancies (Martin et al., 2016) . This agrees with the present findings. However, Martin et al. reported the unadjusted risk of peripartum hysterectomy and the main outcome of interest in the article was the composite severe maternal morbidity. In contrast, the main outcome of interest in our study is the risk of peripartum hysterectomy, and we calculated adjusted effect estimate after accounting for confounders in our dataset. Those are the main differences between the study of Martin et al. and ours. It is well known that there are increased risks of preeclampsia, fetal growth restriction, placenta previa and placenta accreta in pregnancies with ART (Esh-Broder et al., 2011; Kaser et al., 2015 ; American College of Obstetricians Gynecologists, 2016) The former two complications are related to inadequate invasion of the cytotrophoblast into the myometrium, and the latter two pregnancy outcomes, which are common indications for peripartum hysterectomy (Owolabi et al., 2013; Jakobsson et al., 2015) , are thought to be related to excessive trophoblast invasion into myometrium (Norwitz et al., 2001) . The pathophysiology of aberrant placentation (placenta accreta, increta and percreta) involves a complex of defects in both decidua and extravillous trophoblast (Tantbirojn et al., 2008) . Kaser et al. proposed a possible mechanism of the association between cryopreserved embryo transfer and placenta accreta. They argued that serum E2 levels at the time of implantation can influence the degree of trophoblast invasion and the extent of vascular remodeling, and the serum E2 levels were low in the cases cryopreserved embryo transfer. Thereby, the trophoblast invasion might be unchecked (Kaser et al., 2015) . Others proposed changes include epigenetic changes in ART embryos (Choux et al., 2015) and impaired endometrial receptivity (Horcajadas et al., 2005; Kaser et al., 2015) as possible mechanisms of adverse outcomes in ART pregnancies. There would also be a possibility of uterine contraction or peristalsis during embryo transfer. There is evidence that uterine cervical stimulation causes uterine contractions and peristalsis, which may displace the embryo toward the cervix, and increase the risk of placenta previa (Zhu et al., 2014) . We employed PS matching instead of standard logistic regression analysis to adjust for confounding. There is an important motivation behind using the PS method instead of the standard logistic regression analysis. Although we employed a very large dataset including more than 7 million subjects, there were only 117 women with the outcome of peripartum hysterectomy in the ART group. Thus due to this small cell size, we were at risk of 'overfitting' the equation if we had employed the standard logistic regression method (Babyak, 2004) . The PS method avoids this risk. There are other PS methods one might consider including adding the PS itself or quantiles as a variable in a logistic regression model. However, the PS matching method can show the overall similarity between the two groups very well after appropriate matching. The downside of the PS matching is the loss of unmatched subjects in the final analysis. We calculated effect estimates using different PS methods and they approximate to our result (data not shown). Regarding the matching ratio, there is an evidence that increasing the matching ratio may increase the risk of introducing bias (Austin, 2010) . In that paper, a Monte Carlo simulation was used to investigate the amount of potential bias introduced with each matching ratio from 1:1 to 1:5. This technique demonstrated that bias was minimized in most of the cases when a matching ratio of 1:1 or 1:2 was used. We have chosen the ratio of 1:1 for our analysis.
There is an issue of misclassification of the exposure or the outcome. Usually, variables that are rare are underreported, which is the case with ART and peripartum hysterectomy in birth certificate data.
Although we could not locate a report on the quality of the data on the outcome, there is a report which investigated the quality of the exposure, ART (Thorma et al., 2014) . In the report, they compared the number of ARTs in birth certificate to that from National ART Surveillance System (NASS). If we consider the data from NASS as a gold standard, about 48.5% of ART cases were reported in 2011 birth certificate data.
There is also the possibility of unmeasured confounding by influences such as uterine fibroids, intrauterine (hysteroscopic) procedures and a previous history of uterine surgery, which could have an effect on both the exposure and the outcome. We calculated the possible influence of unmeasured confounding on the observed effect estimates with one possible confounder using a previously described method (Ding and VanderWeele, 2016) . Unless the prevalence difference of any unmeasured confounding and individual effect size of the unmeasured confounding on the unplanned peripartum hysterectomy are very large, the unmeasured confounding cannot explain all the observed effect (data not shown). However, we should be cautious in interpreting the results as there is still a possibility of bias by residual confounding or multiple unmeasured confounders.
There is one more concern that a major confounder is likely to be the underlying infertility. To address this issue, we performed PS matching for the infertility treatment other than ART which is included in the birth data. We made a dataset using PS matching with the same covariates as in PS matching of ART and compared the risk of peripartum hysterectomy between women with infertility treatment other than ART and those without infertility treatment. Infertility treatment other than ART showed a non-significant increased risk of peripartum hysterectomy (data not shown). Based on the results, we argue that ART increases risk of peripartum hysterectomy but infertility treatment other than ART does not. Although we found a five-fold increased risk of unplanned peripartum hysterectomy in pregnancies with ART compared to those without ART, the results should be interpreted with caution in a clinical context as the overall number and the absolute risk of unplanned peripartum hysterectomy are very low in either group (1/2325 in the non-ART group, and 1/468 in the ART group). However, we acknowledge that it would be appropriate, as a future research agenda, to explore the mechanisms and/or etiology underlying this finding. 
